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This study investigated the in-situ water and microbial parameters of 
fermentation of guinea corn. Three samples of guinea corn were purchased from 
three different vendors at Opolo market in Yenegoa metropolis, Bayelsa state. 
The guinea corn was fermented for 0 – 72 hours and microbial density and in-
situ water quality parameters were analyzed at every 12 hours following 
standard procedure. Results showed that at72 hours and 0 hours the values 
were 2.5mg/l and 5.12 mg/l respectively (for dissolved oxygen) 3.98 and 6.40 
respectively (for pH). Salinity, conductivity, total dissolve solid and turbidity 
increased as the fermentation progressed ranging from 99.10 to 966.53 ppm; 
211.50 to 1585.13 µS/cm; 107.53 to 1320.22 mg/l and 59.63 to 356.30 NTU 
respectively. Microbial density for total heterotrophic bacteria counts; bacteria 
of the Enterobacteriaceace and fungi (mould and yeast) ranged from 4.62 to 6.85 
Log cfu/ml, 1.67 to 3.97 Log cfu/ml and 3.78 to 4.71 Log cfu/ml respectively. 
Analysis of variance showed that there were significance differences (P<0.05) 
among the various fermentation periods for the parameters except temperature 
and fungi counts. Decline in microbial density appears to suggest the effect of 
increased acidity. Increase in salinity, conductivity, total dissolved solid may be 
associated to biochemical processes in the fermentation medium which resulted 
in the release of more free ions. 
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1. INTRODUCTION 

Several food are fermented before they are consumed and 
or to prevent deterioration due to the presence of 
indigenous microbes. Fermentation is also used in other 
sector including pharmaceutical, medical, energy etc. 
According to Ijabadeniyi [1], fermentation is age long 
technology. This technology has become traditional norm 
especially in most communities in tropical Africa [2]. 
Furthermore, fermentation has been in existence in West 
African but due to absence of documentation its origin is 
difficult to trace [3]. Also, Henshaw et al. [4] reported that 
majority of traditional cereal based foods consumed in 
Africa are processed by natural fermentation.   

Fermentation of food typically involves the application of 
microorganisms (either from the environment i.e. 
spontaneous process or inoculated in a controlled 
environment) that produces certain enzymes which 
changes the chemical and physical attributes of the food 
from its original form/state [2]. Biochemical processes 
resulting from fermentation is majorly brought about by 
microbes and their associated enzymes [5].  

 

According to Izah et al. [2], the changes resulting from 
fermentation could either be deleterious or beneficial. 

In developing countries like Nigeria, several indigenous 
foods are produced by fermentation of the substrates 
mostly from cereals (such as corn, wheat or sorghum). The 
fermentation of these cereals involves several groups of 
bacteria such as lactic acid bacteria, acid tolerant yeast 
strain to produce different products such as organic acids, 
alcohols, aldehydes and ketones [6]. However, the main 
product depends on the type of microbes present in the 
medium. 

Like rice, wheat and maize, guinea corn which is also 
known as sorghum is an important cereal used globally for 
the production of several products. According to Adeyeye 
and Adesina [7], Adeyeye [8], Sorghum bicolor is known 
under a variety of names: great millet and guinea corn in 
West Africa. Some major products it’s used for include 
kunu production i.e. a local beverages popularly consumed 
in Nigeria especially in the Northern region [9], burukutu 
i.e. which is also consumed mainly in the northern region 
of Nigeria. Guinea corn is also used for the production of 
weaning food in infant such as akamu. 

http://dids.info/indexs/?issn=2455-3751&didsno=&submit=Search
http://www.albertscience.com/
http://doi-ds.org/doilink/04.2017-85378925/
http://albertscience.com/journals/article_detail/105
http://albertscience.com/journals/article_detail/105
mailto:lovet_k@yahoo.com


Lovet T. Kigighaand Numomoipre Kombo / ASIO Journal of Microbiology, Food Science & Biotechnological Innovations (ASIO-JMFSBI), 3(1), 2017: 17-21 

Doi: 10.2016-53692176; DOI Link:: http://doi-ds.org/doilink/04.2017-85378925/ 
 

P
ag

e
1

8
 

In southern Nigeria, guinea corn is second to corn/maize 
for ogi/akamu. This basically involves fermentation of the 
sieved substrate. Fermentation period of substrates either 
guinea corn or maize are typically last for 1 – 3 days 
depending on individuals and or locality [1 -3, 12 – 16]. 
During fermentation the guinea corn becomes swollen and 
the medium becomes turbid. The characteristics of the 
water could also change with regard to microbial load and 
diversity and physicochemical parameters. For instance, 
pH of fermentation medium of maize for ogi production 
typically increases (tending toward acidity) [2, 15]. 

Several microbial species have been variously reported 
that participate in fermentation processes to include the 
genera Lactobacillus, Saccharomyces, Lactococcus, 
Leuconostoc, Enterococcus, Streptococcus, Penicilliumand 
Saccharomyces [6, 14]. Have ever microbes are also seen as 
contaminants in the fermentation medium. Some of the 
commonly reported microbes during fermentation include 
Saccharomyces cerevisiae, S. pastorianus, Candida tropicalis, 
C. utilis, C. albican, C. krusei, C. tropicalis, Candida crusei, 
Mucormucedo, Mucorcircinelloides, Rhodotorulaglutinis, 
Rhodotorulagraminis, Rhizopusnigricans, 
Rhizopusstolonifer, R. microsporus, R. oligosporus, 
Aspergillusoryzae, A. niger, A. flavus, Peniciliumcitrinum, 
Fusariumoxysporium, Fusariumsubglutinansmould and 
yeast) and Lactobacillus delbrueckii, L. plantarum, L. 
fermentum, L. amylovorus, L. Paramesenteroides, L. brevis, L. 
acidophilus, L. cellobiosus, Streptococcus lactis, 
Leuconostocmesenteroides, Leuconostocmesenteroides, 
Corynebacteriumsp, Enterococcus feacalis, Clostridium 
bifermentans, seudomonasaeruginosa, P. alkaligenes, 
Escherichia coli, Micrococcus luteus,, Staphylococcus aureus, 
Enterobacter sp., Pediococcusacidilactici, Klebseilla sp., 
Citrobacter sp., Bacillus Subtilis. B. cereus, B. licheniformis, 
Aerobactersp(bacteria) [1, 2, 16 – 21]. 
 During fermentation the population and diversity of the 
microbes differs due to the variation in the water quality 
parameters [14, 15]. According to Wakil and Daodu [16], 
Okowa et al. [15], the biochemical, growth and dynamics of 
microbes involved in fermentation of food such as cereals 
are the effect of stress reactions in response to change in 
physical and chemical attributes. This suggests variation in 
the fermentation dynamics of the medium. Therefore, this 
study aimed at assessing the changes in in-situ water and 
microbial parameter during fermentation of guinea corn. 

2. MATERIALS AND METHODS 

2.1. Field Sampling 
Triplicate sample of guinea corn was purchased from 
Opolo market, in Yenagoa metropolis, Bayelsa state 
Capital. The samples were packaged in Sterile Ziploc bags 
which were used to package the guinea corn prior to 
transportation to the laboratory for the study. 

2.2Sample preparationand Laboratory Analysis 

The samples were prepared based on the method 
previously described by Okowa et al. [15]. About 650g of 
the guinea corn samples were added to the 1000 ml (or 1 
litre) sterile conical flask and sterile water was aseptically 
added up to 950 ml (i.e. 0.95 liter) mark in the container. 
The control was set up (sterile water without guinea corn). 
The cap of the container was loosely covered. Thereafter, 
2ml of the ferment water samples from the medium was 
collected after shaking and the medium was used for 

microbial assessment at 0, 12, 24, 36, 48, 60 and 72 hours. 
Similarly, the in-situ parameters (total dissolved solid, 
temperature, pH, conductivity, salinity and total dissolved 
solid) analyzed  by dipping the calibrated probe, and 10ml 
of ferment water was collected for turbidity analysis).   

2.3 Laboratory Analysis 

2.3.1 In-situ fermentation medium analysis 

All the in-situ parameters were carried out following 
manufactures guide. The pH and dissolved oxygen was 
determined in–situ by using a multipurpose meter (Extech 
DO700) following 3-point calibration (7.00pH, 4.00 pH and 
10.01pH for pH and single calibration for Dissolved 
oxygen). The turbidity was measured using turbidity 
meter (Extech Model TB400). While total dissolved solid, 
conductivity, salinity and temperature was determined 
using a multipurpose meter (Extech EC400). 

2.3.2 Enumeration of microbial counts 

Three media was used to enumerate the population of 
different microbial density viz: Nutrient Agar (for total 
heterotrophic bacteria count), MacConkey Agar (for the 
enumeration of Enterobacteriaceae family), Potato 
dextrose agar (for mould and Yeast). The three media were 
prepared according to the manufacturers instruction. Pour 
plate techniques described by Pepper and Gerba [22] and 
Benson [23] were used for the microbiological analysis. 
After serial dilution 1.0 ml of the aseptically plates in the 
various media and incubated inverted at 37ºC for 24- 48 
hours for bacteria and 3 – 5 days for fungi. The resultant 
colonies were counted and expressed as colony forming 
units per ml of the guinea corn fermentation medium 
sample. 
2.4 Statistical Analysis 

Statistical analysis was used to carry out using SPSS 
software version 20 on logarithm transformed microbial 
counts and in-situ water quality parameter. Data were 
expressed as Mean ± standard error (n=3). A one-way 
analysis of variance was carried out at P = 0.05 and Post 
hoc was carried out using Tukey Honestly Significance 
Difference (HSD) test statistics. Spearman rho correlation 
matrix was used to identify the relationship between the 
in-situ parameters of the medium. 

3. RESULTS 

Table 1 presents in-situ guinea corn fermentation water 
quality parameters between 0 – 72 hours. While Table 2 
also presents Spearman rho correlation coefficient (r) 
matrices for the in-situ parameters for maize for guinea 
corn medium fermentation.  

The dissolved oxygen parameters ranged from 2.5 (at 72 
hours) to 5.12 mg/l (at o hours) of fermentation. There 
was significance difference (P<0.05) among the various 
time viz: 0 – 72 hours i.e. fermentation period (Table 1). 
However, dissolved oxygen showed negative significant 
relationship with total dissolved solid (r=-0.984), 
conductivity (r= - 0.989), turbidity (r = - 0.988) and 
salinity (r= -0.989) and positively correlate with pH (r= 
0.978) at P<0.01 (Table 2).The pH parameters ranged from 
3.98 (at 72 hours) to 6.40 (at o hours) of fermentation. 
There was significance difference (P<0.05) among the 
various time i.e. fermentation duration (Table 1). The 
salinity ranged from 99.10 (at 0 hours) to 966.53 ppm (at 
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72 hours) of fermentation. There was significance 
difference (P<0.05) among the various fermentation 
duration (Table 1). Salinity showed negative significant 
relationship with pH (r=-0.983), and positively correlate 
with conductivity (r= 0.983), total dissolved solid (r= 
0.987), turbidity (r = 0.975) at P<0.01 (Table 2).The 
conductivity ranged from 211.50 (at 0 hours) to 1585.13 
µS/cm (at 72 hours) of fermentation. There was 
significance difference (P<0.05) among the various 
fermentation duration (Table 1). Conductivity showed 
negative significant relationship with pH (r=-0.984), and 
positively correlate with total dissolved solid (r= 0.984), 
turbidity (r = 0.988) at P<0.01 (Table 2). 

The total dissolved solid ranged from 107.53 (at 0 hours)  

to 1320.22 mg/l (at 72 hours) of fermentation. There was 
significance difference (P<0.05) among the various 
fermentation duration (Table 1). Total dissolved solid 
showed negative significant relationship with pH (r=-
0.981), and positively correlate with turbidity (r = 0.986) 
at P<0.01 (Table 2).The turbidity ranged from 59.63 (at 0 
hours) to 356.30 NTU (at 72 hours) of fermentation. There 
was significance difference (P<0.05) among the various 
fermentation duration (Table 1). Total turbidity showed 
negative significant relationship with pH (r=-0.977), at 
P<0.01 (Table 2).The temperature ranged from 28.90 to 
29.70ºC across the various fermentation periods. 
Temperature did not showed significance variation 
(P>0.05) among the various duration of fermentation 
(Table 1). 

 
Table 1: In-situ water quality parameter in guinea corn fermentation medium 

Fermentation 

period, hours 

Dissolved 

oxygen, 

mg/l 

Salinity, ppm Conductivity, 

µS/cm 

TDS,  

mg/l 

Turbidity, 

NTU 

Temperature, 

°C 

pH 

0 5.12±0.06f 99.10±1.14a 211.50±3.15a 107.53±3.28a 59.63±3.85a 28.97±0.23a 6.40±0.04g 

12 4.60±0.06e 107.37±0.46a 266.40±5.45b 228.90±12.59b 124.67±3.41b 29.70±0.06 a 5.99±0.09f 

24 4.20±0.06d 233.40±13.87b 365.07±12.73c 402.63±3.29c 167.10±5.75c 28.97±0.19 a 5.73±0.05e 

36 3.60±0.06c 344.27±19.78c 687.37±8.81d 575.03±7.59d 191.57±2.64cd 28.90±0.32 a 5.38±0.03d 

48 3.20±0.06b 562.63±27.07d 953.13±13.04e 721.20±17.45e 215.47±2.05d 29.03±0.35 a 4.96±0.03c 

60 2.77±0.07a 775.43±20.07e 1290.80±10.72f 1037.40±34.76f 271.03±8.69e 28.93±0.35 a 4.46±0.01b 

72 2.50±0.06a 966.53±19.42f 1585.13±9.81g 1320.33±15.20g 356.30±6.09f 28.98±0.08 a 3.98±0.03 a 

Each value is expressed as mean ± standard error (n = 3); Different letters (a,b,c…..) as superscript along the column is significantly 

different at P<0.05 according to Tukey Honestly Significance Difference (HSD) test Statistics 

Table 2: Spearman's rho correlation matrix of the in-situ water quality parameter during in guinea corn 
fermentation medium 

 

Parameters Dissolved 
Oxygen 

Salinity Conductivity Total Dissolved 
Solid 

Turbidity Temperature pH 
 

Dissolved solid 1.000       

Salinity -0.989** 1      

Conductivity -0.989** 0.983** 1     

Total Dissolved 
Solid 

-0.984** 0.987** 0.984** 1    
 

Turbidity -0.988** 0.975** 0.988** 0.986** 1   

Temperature 0.227 -0.242 -0.204 -0.189 -0.158 1  

pH 0.978** -0.983** -0.984** -0.981** -0.977** 0.267 1 

 
**Correlation is significant at the 0.01 level (2-tailed). N=21, n=3 
  
Table 3 presents microbial density guinea corn 
fermentation water quality parameters between 0 – 72 
hours. Total heterotrophic bacteria counts, bacteria of the 
Enterobacteriaceace and fungi (mould and yeast) counts 
ranged from 4.62 (at 72 hours) to 6.85 (at 48 hours) Log 
cfu/ml, 1.67 (at 72 hours) to 3.97 (at 12 hours) Log cfu/ml 

and 3.78 (at 72 hours) to 4.71 (at 24 hours) Log cfu/ml. 
Basically there was significance difference (P<0.05) among 
the various fermentation duration for  total heterotrophic 
bacteria counts, bacteria of the Enterobacteriaceace, but no 
significance difference (P>0.05) in fungi counts among the 
different periods of fermentation. 

http://albertscience.com/journals/article_detail/105
http://doi-ds.org/doilink/04.2017-85378925/


Lovet T. Kigighaand Numomoipre Kombo / ASIO Journal of Microbiology, Food Science & Biotechnological Innovations (ASIO-JMFSBI), 3(1), 2017: 17-21 

Doi: 10.2016-53692176; DOI Link:: http://doi-ds.org/doilink/04.2017-85378925/ 
 

P
ag

e
2

0
 

 
Table 3: Microbial density of guinea corn fermented medium 

 

Fermentation 

period, hours 

Total Heterotrophic 

Bacteria, Log cfu/ml 

Bacterial of Enterobacteriaceae  

family, Log cfu/ml 

Mould and Yeast 

counts, Log cfu/ml 

0 5.27±0.31ab 3.89±0.55c 3.88±0.05a 

12 6.01±0.25abc 3.97±0.37c 3.97±0.44 a 

24 6.26±0.25bc 3.40±0.16bc 4.71±0.09 a 

36 6.20±0.40abc 2.74±0.11abc 4.61±0.11 a 

48 6.85±0.23c 2.13±0.07ab 4.16±0.41 a 

60 6.12±0.40abc 1.97±0.09a 4.16±0.30 a 

72 4.62±0.40a 1.69±0.07a 3.78±0.03 a 

 
Each value is expressed as mean ± standard error (n = 3); Different letters (a,b,c…..) as superscript along the column is significantly 
different at P<0.05 according to Tukey Honestly Significance Difference (HSD) test Statistics. 
 

4. DISCUSSIONS 

Based on Table 1 and 2, dissolved oxygen and pH values 
decreases as fermentation progresses. This suggests that 
as fermentation progress the water becomes turbid 
leading to decline in oxygen content in the water. Again 
due to the release of enzymes by the indigenous microbes 
that facilitates fermentation, the medium becomes acid 
leading to high acidic condition (pH tending toward 1).  

Unlike pH and dissolved oxygen, salinity, conductivity, 
total dissolved solid, turbidity concentration increased as 
fermentation period increases. Temperature appears not 
to be affected by fermentation duration in ambient 
condition. This could be due to the activities of indigenous 
microbes that aid in fermentation of guinea corn. The 
trend observed in this study have been previously 
reported by Okowa et al. [15], who reported decline in pH 
(tending toward acidity), increase in salinity, conductivity, 
total dissolved solid and turbidity  and unaffected 
significant variation in temperature as fermentation 
progresses in maize fermentation medium for ogi 
production. According to  Adegbehingbe [17, 24, 25], 
Annan et al. [26], Abdus-Salaam et al. [27], Okowaet al. 
[15], pH of fermentation cereal products such as maize 
decreases (tending toward acidicity) as fermentation 
period increased. 

Higher salinity as fermentation progresses suggests an 
increase in salt content in the fermentation medium [15]. 
Other in-situ parameters have some relationship in the 
fermentation medium. For instance, conductivity of water 
which is a measure of the ability of the water to allow the 
passage of electrical current, play essential role in the ionic 
content of the fermentation medium [15]. The turbidity 
level in this study suggests that as fermentation increases 
the medium becomes cloudy. 
The variation in microbial density could be due to release 
of biochemical constituents that favours proliferation of 
particular microbes. The density in different fermentation 
period has some similarity with other work on ogi 
fermentation medium mostly from maize as reported by  
Wakil and Daodu [16], Okowa et al. [15], Ijabadeniyi [1],  

 

 

Nwokoro and Chukwu [18], Akinleye et al. [19], 
Adegbehingbe [17], Adesokan et al. [28]. 

As the water is introduced into the guinea corn, the 
microbial density increase but when the medium becomes 
acidic, the population of the microbes declines especially 
microbes that cannot withstand acid condition (Table 3). 
The occurrence of some microbes/density from day 12 
hours of fermentation in this study could be attributed to 
changes in the acidity of the fermentation medium [15]. 

5. CONCLUSION AND RECOMMENDATIONS 

Fermentation technology is as old as man. Several food 
products are produced via fermentation. Like maize/corn 
Nigeria typically uses guinea corn for ogi (akamu), agidi 
and burukutu production. Guinea corn is fermented for 1 – 
3 days prior to grinding for use for ogi production. The 
fermentation in facilitates by the activities of indigenous 
microbes in the maize medium. This study evaluated 
fermentation dynamics of guinea corn fermentation 
medium. The study found that pH and dissolved oxygen 
concentration decreased as fermentation duration 
increases and salinity, total dissolved soli, conductivity and 
turbidity level were increased as fermentation increases, 
and temperature was not affected. Microbial density (total 
heterotrophic bacteria and fungi) showed initial increase 
in population before beginning to decline. Also bacteria of 
the Enterobacteriaceae family showed a decline as 
population as fermentation progresses.  
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